In this study a comparison between direct and indirect methods of obtaining blood pressure has been made. A statistical analysis of the data supports the view that the muffling of sounds, or the fourth phase of Korotkow, bears a closer and more constant relationship to diastolic pressure measured directly. This report, therefore, recommends the acceptance of muffling of the sounds of Korotkow as the measure of diastolic pIessure.
IN January 1952, the Ontario Heart Foundation circulated a report of the American Heart Association, "Recommendations for the Determination of Blood pressure" and re(luested comments and criticism as to whether these recommendations should be accepted for distribution to Ontario physicians. The recommendations of the American Heart Association,' contain the following paragraph: "While some difficulties still exist in making absolute comparisons between pressures determined by optical manometers and those revealed by auscultatory criteria, a limited number of such comparisons strongly suggests that, on the average, the cessation of sounds conforms rather better to the intra-arterial diastolic pressure, and that dulling of sounds appears 5 to 10 mm. Hg above this level." In view of the fact that the above statement would favor a departure from what has been widely accepted clinical practice for many years, it was felt that further observations should be made so that any recommendations made by us would not be just an opinion reply, but based on experimental data. In the first part of this report a statistical analysis of the results of blood-pressure determinations both intra-arterially, and indirectly, on 50 patients, was therefore undertaken, with the further objective of comparing the relative manometer, the other an instrument employing a condenser microphone principle (electromanometer). In the second portion, a study of indirect pressure recordings on 15 young normal individuals under varying physiologic conditioins was carried out.
PART I Method
In this stu(ly observations were made on one arterial segment, the right brachial in each case, in the following manner: The patient was l)laced in the recumbent position on a hospital bed which allowed him complete comfort and relaxation. The cuff of a commercial sphygmomanomieter was placed around the patient's right arm (which rested on pillows at an oblique angle to his body), as close to the axilla as possible. The arm was then adjusted to a position constant for each patient, 5.0 cmii. measured in a vertical direction below the angle of Louis.
After determining by palpation the course of the brachial artery in the antecubital fossa and preparing the skin with iodine and alcohol, generous amounts of 1 per cent Novocaine were used to infiltrate skin, subcutaneous tissues, and arterial wall. When local anesthesia was complete, a clean entry was made into the arterial segment, using a Cournand needle. Corroborative evidence of such an entry was (lemanded by observing a full free spurt of arterial blood from the needle hub upon withdrawing the small-bore inner needle. In a few instances these requirements were not obtained, and such cases are not included in this series. Provided such evidence was obtained, further insertion, proximally, into the artery was carried out, and connection was made by a glass adapter, and a 3 inch portion of "Tygon" tubing, to the recording system, previously a(ljusted to the height of the anterior surface of the patient's arm. The recording system was compose(l of a Circulation, Volume VIl!, August, 1.953 strain-gauge manometer and electromanometer connected by a three-way stopcock and suitable lengths of lead tubing to the hub of the intra-arterial needle (figure 1). The manometers used were new, commercially-available models, previously carefully calibrated against mercury manometers and thoroughly warmed and checked for balance before each experiment. The electrical connections of the manometers were led through a control switch box to a cathode-ray screen where the pressure tracings were viewed and photographed. With this arrangement either manometer could be used interchangeably by a simple stopcock maneuver. Intra-arterial pressures, as determined by the electromanometer, were routinely viewed first on the cathode screen and, if pulse-wave contours were satisfactory, a recording was made immediately. While the intra-arterial record was being photographed, an indirect measurement of blood pressure in the same arterial segment was made, using the sphygmomanometer cuff already in position. Care was taken in placing the phonendoscope head so that it overlay the portion of the brachial artery distal to the blood-pressure cuff, but just proximal to the point of the indwelling arterial needle. At this point in the procedure, during most of the determinations, the intra-arterial needle was flushed with heparinized saline, a careful check made of tubing and connections, and the procedure repeated in an exactly similar manner, using, however, the strain-gauge manometer. At the end of both readings, and before removal of the intra-arterial needle, a further indirect blood-pressure measurement was recorded. It was realized, however, as experience grew with the technic, that with a single short occlusion of an artery by an external cuff, thrombus formation in the intra-arterial needle did not occur, and that each set of readings, therefore, could follow one another closely without interrupting the recording. Following the pressure determinations, the intra-arterial needle was quickly withdrawn, and firm manual pressure maintained over the site of insertion through a gauze pad, for never less than 10 minutes. A simple sterile dressing was applied over the area, and the patient instructed to use his right arm and hand freely.
As steady a physiologic state as possible in the subjects being investigated was maintained. The patients used in this study were volunteers from the medical wards of the Departments of Veterans' Affairs Westminster and Victoria Hospitals, London, Ontario; nearly all were 70 years of age or over, and proved to be co-operative, relaxed, and philosophical in regard to the investigation. Careful preliminary explanation of the aims and method of study, given in all cases, was of definite value in encouraging the relaxed state during a preliminary 15 to 30 minute period of rest in the recumbent position. Before attempting intra-arterial injection, cuff pressures were quietly taken every five minutes. When a relatively constant blood pressure was evident, the intra-arterial procedures described above were carried out. Another great advantage of elderly male patients is the close proximinity of the brachial artery to the skin in the antecubital fossa, and the consequent relative ease with which painless intraarterial puncture may be accomplished. M6nckeberg calcification presented no problem whatsoever.
Results
In table 1 the data obtained, using the intraarterial technic described above with single direct manometric recordings in 47 cases, and double direct recordings in 30 cases, together with the indirect cuff readings, are presented. In this table, blood-pressure readings are indicated in the usual manner, the systolic being placed over the diastolic, and the latter (in the case of indirect readings) being represented by two figures, the first being the pressure in mm. Hg obtained at the onset of muffling of the sounds of Korotkow, and the second representing a similar pressure obtained just at the final disappearance of the sounds. All indirect observations were made by one person, using the same mercury manometer. These pressures are contrasted in the table with the direct manometer recordings, the difference between the two sets of figures being illustrated as positive or negative, depending on their variation up or down from the manom- correlation' shows that the correlations between corresponding cuff and electromanometer readings, between corresponding cuff and strain-gauge readings, and between straingauge and electromanometer readings in the same patients, were practically the same (table 2) . It should be pointed out that the strain-gauge and electromanometer are compared on the basis of 30 patients who had readings taken on both manometers. While the correlation between systolic manometric measurements in each individual is good (.92), it is not as good as the correlation between repeated cuff readings (.99), again illustrating variations which may occur with electrical manometric technics. These two correlation coefficients are significantly different.
Diastolic Pressures. The difference between the two manometer readings on diastolic recordings is not significant (the means being only 1.5 mm. Hg apart on 30 patients) as compared with the highly significant difference seen with systolic readings. The disappearance of sound is significantly lower (7 mm. Hg) than diastolic pressures recorded by either manometer, and in one instance out of the 30 sets analysed the disappearance of sound reached 0 mm. Hg. The muffle of sound, however, was found to be higher (3 to 4 mm. Hg) than the diastolic pressure measured by either manometer. This elevation is not sig- All figures are mm. Hg. S.E.D. = standard error of difference between means = square root of (twice the residual variance divided by n.). nificant. In this work, the muffle reads closer to the diastolic manometric pressure than the disappearance (table 3) . Furthermore, the coefficient of correlation of successive muffle readings is 0.99 as compared with 0.96) on cuff disappearance; this is significantly different. Moreover, there is a better correlation between cuff muffle and either manometer than between cuff disappearance and either manometer reading. It should be noticed that the table records two values of the correlationi coefficient for both correlations between disappearance and electromanometer. The bracketed values are the result of considering zero disappearance to be the same as the muffle, only replacing the last digit by zero; for example, 94-0 was changed to 94-90. There was one such case in the 30 sets of readings and five additional cases in the group of 17 patients on whom electromanometer but no strain-gauge readings were taken. Although this greatly increases the correlation coefficients to the point of not being statistically significantly different, they are, in both instances, appreciably lower than the corresponding muffle correlation coefficients. This calculation was done to remove any possible bias in the selection of patients with obvious discrepancy in their disappearance readings. From the above it is concluded that muffle of sounds is superior to disappearance of sounds as an indirect index of diastolie blood pressure.
To digress for a moment, mention may be made of an analysis of the end digits of all cuff readings. It was found that the number of readings ending in zero or five far exceeded the number that could be expected by chatice, despite the fact that unusual care was used in the determinations. It would appear, therefore, that blood-pressure readings, even under the best coniditionis, can be read only to the nearest 5 mm. Hg by an experienced individual.
PART II
To assess the effect of a varying physiologic state upon the human systolic and diastolic blood pressure, indirect blood-pressure readings were taken on each member of a group of 15 healthy young female nurses, by each of three experienced physicians, both before and after a standard exercise test. Each physician was supplied with a mercury-type sphygmomanometer for his own observations. In carrying out the exercise test, the subjects were required to run up and down two flights of stairs, a total of approximately 50 steps. Pre-exercise determinations were carried out after an initial resting period for the group of 20 minutes; postexercise observations were made as quickly as possible after completion of the exercise test. The order in which each subject's blood pressure was recorded by a particular physician, was permutated according to a prearranged plan, which was supervised during the actual determination of blood pressures. Data sheets were designed in such a way as to prevent participating physicians from seeing any previous readings.
It might be emphasized here that with the method outlined above, three sets of 15 bloodpressure readings were obtained both before and after exercise, one from each physician.
The individual blood-pressure readings, preand postexercise, were classified by physician and by the order in which they were taken.
In the subsequent discussion, the term "order" will imply time differential within a group of either preor postexercise readings, and the term ''order means" will imply the average of the first, second or third sets of readings, regardless of physician.
In table 4 are arranged the blood-pressure readings obtained by each physician, on each member of the group, both before and after exercise. Statistical analysis of these data, establishes the following.
Systolic Pressutres
In the estimation of systolic blood pressure, physicianis differed significantly before, but not after, exercise. Although the difference between the means of the individual physicians almost doubled (from 6 mm. Hg pre-exercise, to 11 mm Hg postexercise), the total variance of the postexercise group was five times that of the pre-exercise group. The order means rose, then dropped significantly (7 mm Hg) in the initial phase of the study. After exercise, the drop from the first to the third order means increased to 22 mm. Hg, the third order mean being higher than any order mean of the preexercise group (minimal difference 7 mm. Hg). Of the above, the only point requiring some explanation, is the absence of any significant difference between physicians in the estimation sicians to agree more closely as to the point at which the sounds begin. The numbers in the upper left-hand corner refer to the order in which that particular observation was obtained on a patient by the physician. of systolic blood pressure after exercise. A possible reason for this finding, apart from chance, may be the effect of exercise in rendering louder and more distinct the sounds of Korotkow, thus enabling this group of phy-
Diastolic Muffling
The analysis revealed no significant differences between group means, between physicians before or after exercise of subjects, and between pre-exercise order means. Although the group Physician I Physician II Physician III Physician I Physician II Physician III means did not differ, the first order mean, postexercise, was 5 mm. Hg higher than the preexercise group mean, and the third order was 10 mm. Hg less; a highly significant drop of 15 mm. Hg in all. In other words, the postexercise order means straddled the pre-exercise group mean (fig. 2 ).
Diastolic Disappearance of Sound
Before exercise, no significant difference was found to exist, either between different clinicians, or between the orders of reading. Afterexercise, however, highly significant dif- ferences were found to have developed between the group means (a highly significant drop of 13 mm. Hg pre-and postexercise), between different clinician's estimations of this point, and, also, in relation to the order in which the reading was carried out on the patients in the group.
The first order mean dropped 5 mm. Hg below the pre-exercise group mean, and subsequent orders showed significant declines from the first order mean (fig. 2 ).
Observations
Although physiologic disturbance does cause fluctuations in the muffle readings, the pattern is such that the general diastolic level is not appreciably changed. On the other hand, the disappearance of sound goes through the same fluctuations, but the general level of diastolic pressure (by this index) is very definitely lower. The disappearance of sound as a criterion of diastolic pressure is, therefore, felt to be unreliable with any considerable change in physiologic activity. Not only does the actual value for the disappearance drop sharply, but even experienced observers are unable to agree closely, in any individual case, as to just where the sounds of Korotkow disappear.
While it may be argued that considerable exercise is necessary to demonstrate these changes in physically normal individuals, it is obvious that much less exercise (such as climbing the flight of stairs to a doctor's office) may represent an even greater physiologic burden in sick people. Indeed, one not infrequently encounters fit individuals in whom an erroneous diagnosis of aortic incompetence has been made through the acceptance of sound disappearance as the measure of diastolic blood pressure.
DIscUSSION
As stated in the introduction, this work was stimulated by the report of the American Heart Association' which, in our opinion, suggests modifications in the technic of bloodpressure determination in humans on the basis of unsatisfactory arguments (found on pages 506-507 of the report). The argument begins with a statement concerning the physical liabilities of the muffle, implying that no such problem exists insofar as the disappearance of sound is concerned. The report states that "a limited number" of observations "strongly suggests" that disappearance of sound, "on the average," conforms "rather better" to the "true" diastolic pressure. The argument continues that "accuracy, not applicability to every individual, should determine the choice of criteria" even though it is agreed that diastolic disappearance (the fifth phase) is known to vary widely, even in normal subjects. The report recommends for these particular cases the use of the muffle (fourth stage) rather than the uncertain disappearance of sound. Subse-DIRECT AND INDIRECT BLOOD-PREISSURE DElTERMINATIONS quelitly, these recommendations state categorically that the muffle is "the less exact" criterion. No reference is quoted for the statement that examiners with differing degrees of auditory acuity agree more closely on the point of disappearance. The argument concludes with the statement, "Frankness must cause us to admit that all too frequently the reading of diastolic pressure by this criterion [muffle] becomes merely a guess."
Consideration should now1. be given to the publicatiolns onI which this argument is based. Steele2 makes the following statements: "The accuracy of the measurements obtained from the optical records of the direct manometer seems unquestionable in theory. Certain practical difficulties leave room for error" (page 1043). "It is obvious that the number of patients in each group is, as yet, far too small to bring out clearly the limits of the indirect method. Although the data are not yet sufficient to permit describing rules for estimating arterial pressure by the indirect method of Korotkow, they suggest that revision of the present empiric criteria may be necessary when sufficient data have been obtained" (page 1045). "In auscultatory technique, the disappearance of sound proved to be a more accurate measure of diastolic pressure than the sudden muffling" (quoted from Steele's summary, page 1049).
Here we have a progression from suggestive evidence to a categoric statement, and it is upon the latter that the American Heart Association committee bases its recommendations.
The practical difficulties which Steele mentions here are precisely those which have been discussed in the body of the present report. A peculiar item in the Steele report is the absence in 41 per cent of 39 cases studied of any determination for the point of muffling. In the present study of 260 readings on 62 patients, in only 1 per cent of readings and 5 per cent of subjects was it impossible to distinguish the muffle from the disappearance.
Furthermore, Steele's report compared direct and indirect data, from different arterial segments. The possibility of -9.inatomic variation and consequent difference ill pressure must be considered.
Hamilton and co-w orkers3 state: "The illdirect method seems to be ... about 9 mm. high for the diastolic, using the fading of the fourth phase" (page 853). "Experiments show that true systolic and diastolic blood-pressures are not very different from those recorded by the auscultatory method" (page 856). This report is not entirely clear as to just what is meant by the fading of the fourth phase. It would seem that the disappearance of sound was used, but in ally case it is evideint that both muffle and disappearance were not used, and therefore could not have been compared. In addition, if it is supposed, as seems reasonable, that disappearance was the criterion, then the differences from "true" diastolic pressures cannot be reconciled with those found by Steele. 1\Ioreover, no description of the method used ill obtaining simultaneous direct and indirect recordings, is found ill the paper by Hamilton and associates3. Here again, little evidence is found to support the argument of the committee. In1 essence, the controversy regarding the choice of muffling or disappearance of sounds as an index of diastolic pressure has been an argument over a few millimeters of mercury. Despite the fact that one or other of the criteria may approximate the "true" diastolic pressure more closely oIn the average, it is felt that the constancy of the relationship between either criterion and the "true" diastolic pressure is of the greater importance. The more constant this relationship, the more accurate the physiologic measurement.
In1 the present study, data are presented which establish, statistically, that the point of muffle suffers less change than does the disappearance, despite physiologic variations ill patients. This data strongly suggests also that the muffle bears a more constant and closer relationship to the "true" diastolic pressure than does the disappearance of sound. Part I demonstrates that one physician is able to repeat muffle readings more accurately, and in part II three physicians agree more closely on muffle values before and after exercise.
An interesting and important observation from this study is the failure of the two manometers used to correlate with one another any more closely than with the sphygomanometer. In theory, correlation should be practically perfect. An inescapable conclusion is that practical difficulties inherent in present-day technics will definitely limit any expected accuracy of such instruments; especially so ill the case of the electromanometer, wherein the metal chamber housing the microphone precludes observation of blood clot. Although the sphygmomanometer can only be read to the nearest 5 mm. Hg, it would seem to be as accurate as any available electrical manometer -a finding paralleling the experience of Hamilton and co-workers and Steele with optical manometers.
If we turn to theoretic reasoning and our knowledge of what is happening ill the auscultatory method, there is excellent reason for taking the change in the sound rather than its disappearance. Sound in flowing blood means that turbulence is present, and turbulence depends onl the velocity of flow and the size of the orifice, that is, the orifice of the artery compressed under the cuff. Disappearance of the sound denotes that turbulence has ceased, as the artery widens when the cuff pressure falls. To our knowledge, no reason has ever been advanced why the disappearance of turbulence should have any relation to the diastolic pressure, other than a purely accidental one, in normal subjects at rest. There is, on the contrary, a very good reason why the sound should change in character when the cuff pressure reaches and falls below the diastolic pressure. At that point, the stream of blood through the compressed artery is no longer completely interrupted at the end of diastole, but some blood passes through at all times in the cardiac cycle.
The possibility of serious errors in the readings by the cuff method, because the pressure in it has not been efficiently transmitted to all the tissues beneath it, has been recognized; but this error will affect both criteria of diastolic pressure alike. Both criteria likewise, must obviously depend upon the auditory acuity of the observer, on the accuracy of the placing of the stethoscope head, and on efficientl ( onduction in the stethoscope tubing. Thus, all theoretic considerations combine to suggest the adoption of the muffling, or change in the sound rather than its disappearance, as a criterion of diastolic pressure. The data presented in this paper support this hypothesis.
CONCLUSION
The two experiments suggest that the muffle is the better index of diastolic pressure, in disagreement with cited papers which are themselves only suggestive. For this reason, it is recommended that a larger series of subjects be studied and that a far greater number of participating clinicians be included in such a proj ect.
It would seem unwise to replace an accepted standard by one which, on the basis of present evidence, does not seem to be nearly as good. SUMMARY 1. In part I of this study, simultaneous indirect and direct blood-pressure measurements are compared in 47 patients. Of this group, 30 patients had direct intra-arterial measurement of blood pressure recorded on two electrical manometers.
2. In part II, the effect of exercise on the muffle and the disappearance of sound as indexes of diastolic pressure, as studied by three physicians in a group of 15 patients, is presented.
3. The results of statistical analysis of these data are presented. 4 . A criticism of the recommendations of the American Heart Association regarding determination of blood-pressure, is inchluded. 5. Recommendations are made suggesting further work.
SUMARIO ESPAROL
En este estudio una comparaci6n se ha hecho entre los metodos directo e indirecto de obtener la presi6n arterial. Un analisis estadistico de los datos sostiene el punto de vista de que el apagamiento de los sonidos, o la cuarta fase de Korotkow, conlleva una relaci6n mas cercana y constante a la presi6n diast6lica determinada directamente. Este estudio, por lo tanto, recomienda la aceptaci6n del apagamiento de los sonidos de Korotkow como la medida de la presi6n diast6lica.
